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Intentions to Use
Information Technologies:
An Integrative Model
Ron Thompson
Wake Forest University, USA
Deborah Compeau
University of Western Ontario, Canada
Chris Higgins
University of Western Ontario, Canada
Nathan Lupton
University of Western Ontario, Canada

abstraCt
An integrative model explaining intentions to use an information technology is proposed. The primary
objective is to obtain a clearer picture of how intentions are formed, and draws on previous research
such as the technology acceptance model (Davis, Bagozzi, & Warshaw, 1989) and the decomposed theory
of planned behavior (Taylor & Todd, 1995a). The conceptual model was tested using questionnaire responses from 189 subjects, measured at two time periods approximately two months apart. The results
generally supported the hypothesized relationships, and revealed strong influences of both personal
innovativeness and computer self-efficacy.
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introduCtion
Understanding the process by which individuals
adopt and use information technologies in the
workplace and the factors that influence their
decisions about what technologies to use to aid
in the performance of their work tasks remains
an important focus of IS research (Venkatesh,
Morris, Davis, & Davis, 2003). While our ultimate
interest is often in the achievement of organizational benefits from technology, the behavior of
the individual represents a critical prerequisite for
achieving these larger goals (Seddon, 1997).
Our review of current research on individual
technology acceptance reveals, among other
things, two overarching themes in the models.
The first theme reflects the importance of pursuing
parsimonious models. Parsimony is an important
element in the development of theory and is one
of the key contributions of the Technology Acceptance Model (TAM) (Davis, Bagozzi, & Warsaw,
1989). The second theme reflects the dominance
of what we will refer to as an instrumental view
of technology adoption decisions. Under this perspective, the dominant influences on intentions
to use technologies are those involving beliefs
about the degree to which using an information
technology will result in objective improvements
in performance.
The pursuit of parsimony and the focus on instrumental determinants have served the technology adoption stream well. The relative simplicity
of TAM has made it a fertile ground for extensive
study (Venkatesh & Davis, 2000). Similarly, the
focus on an instrumental view of technology
adoption has allowed us to explore this aspect
of the influences on adoption in relatively deep
fashion. On the other hand, both characteristics
have had a limiting effect in other respects. Plouffe,
Hulland, and Vandenbosch (2001) argue that an
exclusive focus on parsimony, while sufficient if
the research goal is prediction, may produce a
narrower understanding of the phenomenon and
perhaps limit our ability to influence it by not

recognizing the myriad forces involved. Agarwal
and Karahanna (2000) make a similar argument
with respect to the focus on instrumental beliefs.
They argue that a more holistic assessment of
technology adoption is necessary, incorporating
elements more related to intrinsic than extrinsic
motivation. In part, they suggest this is necessary
because of the nature of modern information
technologies. What is also apparent, however, is
the need to examine holistic perceptions in order
to improve our understanding of the phenomenon
of technology acceptance.
The purpose of this study, then, is to build on
existing technology adoption theory in a more
holistic and integrative fashion. Specifically, we
seek to extend the Decomposed Theory of Planned
Behavior (DTPB) (Taylor & Todd, 1995a). This
theory was chosen as it represents a broader perspective, yet has enjoyed less ongoing development
than TAM. Our extensions focus on three areas.
First, we seek to explore the linkages among the
independent variables proposed by Taylor and
Todd (1995a). Second, we extend DTPB to be
consistent with TAM. Third, we incorporate the
trait of personal innovativeness with information
technology (Agarwal & Prasad, 1998) into the
model. This is a small step towards broadening
our view from the more instrumental focus that
has guided us to date. Finally, we seek, as have
others (Agarwal, Sambamurthy, & Stair, 2000;
Karahanna, Straub, & Chervany, 1999; Venkatesh
& Davis, 2000) to understand the influence of
experience within our model. While several previous authors have examined the role of experience
within the context of TAM, to our knowledge,
only one study (Taylor & Todd, 1995b) has done
so within the TPB perspective. Before discussing
the research design in more detail, we turn to the
theoretical background and the research model
to be tested.
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theoretiCal baCkground and
researCh model
decomposed theory of planned
behavior
The Theory of Planned Behavior (TPB) (Ajzen,
1991) was constructed as an extension to the
Theory of Reasoned Action, or TRA (Fishbein
& Ajzen, 1975) including, in addition to attitude
and subjective norm, the construct of perceived
behavioral control. Taylor and Todd (1995a) compared TAM with an adaptation of TPB, finding
that perceived behavioral control and subjective
norm added little in terms of explained variance
in intentions to use technology. Taylor and Todd
(1995a) went further, however, by proposing what

they termed a decomposed theory of planned behavior (see Figure 1). Their intent was not to try to
improve on TAM or TPB in terms of explaining
variance in intentions or use of a technology, but
rather to identify additional components of belief
structures that would provide more explanation
of the antecedents to attitude, subjective norm,
and perceived behavioral control.
In an empirical test of their model, Taylor and
Todd (1995a) found support for most of the hypothesized relations. Others have since built on the
model, focusing on the constructs of technology
and resource facilitating conditions (Mathieson,
Peacock, & Chin, 2001), the interaction of age
and gender to influence user perceptions and use
(Morris, Venkatesh, & Ackerman, 2005) and applying the model to the adoption of IT by health

Figure 1. Decomposed theory of planned behavior (Taylor & Todd, 1995a)
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care professionals (Chau & Hu, 2001) and use of
EDSS (Workman, 2005). Collectively, these studies suggest that the TPB perspective is reasonable,
though it does not add significantly to explained
variance except when fully integrated with TAM
(Riemenschneider, Harris, & Mykytyn, 2003).
Attitude and control beliefs are consistently and
significantly related to adoption intention. The
role of normative beliefs is mixed and suggests
a weaker effect than the others.
Our extended conceptual model is shown in
Figure 2. The model extends DTPB by including
more concepts related to non-instrumental influences on technology adoption, and by including
a more complex web of relationships among the
antecedents. We adopted DTPB as the founda-

tion for our model, rather than TAM, as DTPB
represents a more general theoretical model. To
highlight the differences between DTPB and our
model, we provide a brief overview of our model
and then describe the rationale for the hypothesized relationships in more detail.
Intention to use Microsoft Access (the target
system) is influenced by affect (attitude), social
factors (subjective norms), and perceived behavioral control. Consistent with TAM (e.g., Davis
et al., 1989; Taylor & Todd, 1995a), intention is
also hypothesized to be influenced directly by
perceived usefulness. Affect is influenced by
three factors, two of which (perceived usefulness
and perceived ease of use) were predicted in the
original TAM (Davis et al., 1989) and in DTPB

Figure 2. Research model
Personal
Innovativeness
with IT

Computer
Self Efficacy

h8

h5
h3

h2
h4

h9

Social
Factors

h7

Ease of
Use
h1

h6

Affect

Perceived
Behavioral
Control

Perceived
Usefulness

h10

Future
Intention

Note: Dotted lines represent relationships previously established by DTPB (Taylor & Todd, 1995a) and TAM (Davis, et al,
1989)


EBSCOhost - printed on 2/8/2021 3:47 PM via SAN JOSE STATE UNIV. All use subject to https://www.ebsco.com/terms-of-use

Intentions to Use Information Technologies: An Integrative Model

(Taylor & Todd, 1995a). The third influence on
affect is self-efficacy. Perceived usefulness is
hypothesized to be influenced by perceived ease
of use, computer self-efficacy, and social factors,
while perceived ease of use is hypothesized to
be influenced by self-efficacy, social factors,
perceived behavioral control, and personal innovativeness with IT. Perceived behavioral control is
influenced by self-efficacy as well. Finally, selfefficacy is influenced by personal innovativeness
with IT and social factors.
Our model builds on previous literature in
several ways. First, we have opened up the paths
across the avenues of behavioral, normative, and
control beliefs. In earlier models (e.g., TAM,
DTPB), these antecedents were viewed as separate
and distinct influences, with no linkages among
them. As we discuss in detail in the following
section, however, there are theoretical reasons
and empirical support for the existence of linkages across these influences.
Second, we have incorporated the personality
trait of personal innovativeness with information
technology as an attempt to begin the reintegration of general tendencies into our understanding
of individual behavior with respect to IT. An
explicit aim of TRA and TPB, when they were
developed, was to move away from trying to associate general personality traits with behaviors.
At the time, it was felt that such predictors were
not as good as beliefs and attitudes (Ajzen, 1991).
Yet now that we have begun to understand these
specific beliefs and attitudes, there is a benefit to
re-examining the role of personality variables in
our models.
In addition, we consider the model at two time
periods to examine the influence of experience
in changing the model parameters. Other specific
differences between our model and previous ones
(e.g., TAM, DTPB) are discussed in later sections.
The primary goal of the study is not to try and
increase the amount of variance explained in
intentions or use of an IT, but rather to obtain a
clearer picture of the antecedent factors that influ-

ence attitudes, subjective norms, and perceived
behavioral control, as well as the inter-relations
among them.

ConstruCts and hypotheses
For space reasons, we do not provide detailed definitions of the constructs employed in the model.
Interested readers can refer to previous sources for
intentions to use a specific information technology in the future (Davis et al., 1989; Venkatesh
et al., 2003), affect (Compeau & Higgins, 1995a;
Thompson, Higgins, & Howell, 1991), perceived
usefulness (Davis et al., 1989), perceived ease
of use (Davis et al., 1989), perceived behavioral
control (Ajzen, 1991; Taylor & Todd, 1995a), computer self-efficacy (Compeau & Higgins, 1995a;
Taylor & Todd, 1995a), social factors (Compeau
& Higgins, 1995a), and personal innovativeness
in the domain of information technology (Agarwal & Prasad, 1998). Explanations and working
definitions for all constructs are also available
from the authors upon request.
To avoid unnecessarily repeating the rationale
for hypotheses and relationships that have been
well established by previous research, we simply
list relationships that are not considered controversial and then focus on those that are extensions
to DTPB and TAM. Relationships that have been
previously established (and represented with dotted lines on Figure 2) include:
•

•

•

Affect toward using an information technology will have a positive influence on intentions
to use the technology (DTPB, TAM).
The perceived usefulness of an information
technology will exert a positive influence on
affect toward using the technology (DTPB,
TAM).
Perceived usefulness of an information
technology will exert a positive influence on
intentions to use the information technology
(TAM).
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•

•

•

•

•

The perceived ease of use of an information
technology will have a positive influence on
affect toward using the technology (DTPB,
TAM).
Perceived ease of use of an information
technology will exert a positive influence
on perceived usefulness of the technology
(TAM).
Perceived behavioral control will exert a
positive influence on intentions to use an
information technology (DTPB).
Computer self-efficacy will exert a positive
influence on perceived behavioral control
(DTPB).
Social factors will exert a positive influence
on intentions to use an information technology (DTPB).

In addition to a direct influence on intentions
as depicted above, there may be additional roles
for perceived behavioral control (PBC). In their
study of technology adoption and use, Mathieson
et al. (2001) argued that perceived resources (a
subset of PBC) included personal assets such
as an individual’s expertise. In addition, they
suggested that perceived ease of use would be
influenced by expertise. As a result, Mathieson
et al. (2001) concluded that perceived resources
should influence perceived ease of use, and they
observed empirical support for this relationship.
The resulting hypothesis is:
H1: Perceived behavioral control will exert a
positive influence on perceived ease of use of an
information technology.
In addition to the potential influence of computer self efficacy (CSE) on PBC, there is evidence
from other research that CSE might influence
additional factors within the DTPB model. If
an individual is confident in his or her ability
to learn to use an information technology, he or
she is more likely to believe that he or she will
be able to put the technology to productive use.

Although we would anticipate that the influence
of specific self-efficacy would be stronger than
general CSE, general CSE has been shown to
exert a positive influence on perceived usefulness of a specific IT (e.g., Compeau & Higgins,
1995a; Compeau, Higgins, & Huff, 1999). The
associated hypothesis is:
H2: Computer self-efficacy will have a positive
influence on perceived usefulness of an information technology.
Venkatesh and Davis (1996) posited that
computer self-efficacy should act as a precursor
to perceived ease of use. Individuals who are
confident in their ability to learn to use information technologies are likely to view specific
information technologies as easier to use than
their counterparts who are less confident in their
ability to learn. The results from their empirical
testing provided support for this proposition.
Agarwal et al. (2000) also observed a positive
influence of self-efficacy on perceived ease of
use, as did Venkatesh (2000). This leads to the
following hypothesis:
H3: Computer self-efficacy will exert a positive
influence on perceived ease of use of an information technology.
Compeau and Higgins (1995b) argued that
computer self-efficacy should influence affect
toward using an information technology. If an
individual is confident in his or her ability to
learn to use an information technology, he or she
is more likely to have positive affective reactions
to using the technology. In testing this relation,
Compeau and Higgins (1995b) observed a statistically significant, though small, influence in
a cross-sectional design. Compeau et al. (1999)
further observed that self-efficacy measured at
one point in time exerted an influence on affect
measured one year later. From these findings, the
associated hypothesis is:
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H4: Computer self-efficacy will exert a positive
influence on affect toward using an information
technology.

H6: Social factors will exert a positive influence on perceived usefulness of an information
technology.

There are possible influences for social factors beyond a direct effect on intentions, as well.
Bandura (1997) argues that social persuasion is
an important source of information that can influence the formation of self-efficacy judgments
and expectations of outcomes. Encouragement
by others in the reference group to use technology may carry with it a sense of encouragement
regarding one’s skills; in other words, you should
use this technology and you are capable of it.
Even if unspoken, this evaluation is implied; after
all, why would a friend or colleague encourage
you to do something wholly outside your capabilities? To the extent that this skills evaluation
is present, social factors would be expected to
influence self-efficacy. Compeau and Higgins
(1995b) observed a positive influence of social
persuasion on self-efficacy. These observations
lead to the following hypothesis:

Similarly, we anticipate that perceptions about
ease of use of a technology could be influenced
by social factors, especially in the absence of
direct experience. In a training environment, for
example, communication cues from the instructor regarding the relative ease (or difficulty) of
learning to become proficient with the technology
could influence initial perceptions on the part of
the individual. This leads us to propose that:

H5: Social factors will exert a positive influence
on computer self-efficacy.
Social factors also influence perceived usefulness. Klein and Sorra (1996) argue that social
influence operates through either a process of
compliance or one of internalization. Compliance
involves acting as the others desire because of
perceived pressure. Internalization involves taking on the views of the other for oneself. Thus,
an individual who feels persuaded to use technology by his or her reference group attributes the
persuasion to a rational judgment on the part of
the group; the group is encouraging the use of the
technology because they see it as useful. Given
that, the individual also decides that the technology is useful. Thus, through a process of internalization, the social factors result in increased
perceptions of perceived usefulness.

H7: Social factors will exert a positive influence on perceived ease of use of an information
technology.
Agarwal et al. (2000) argued for a direct influence of personal innovativeness on computer
self-efficacy. Their rationale was that, consistent
with the original formulation of social cognitive
theory (Bandura, 1986), individual personality
exerts an indirect influence on performance,
through self-efficacy. Their empirical test found
support for a positive influence of PIIT on general computer self-efficacy. The corresponding
hypothesis is:
H8: Personal innovativeness will exert a positive
influence on computer self-efficacy.
We also anticipate that personal innovativeness will influence perceived ease of use. If I am
someone who is more innovative with respect to
technology use, I will tend to view new technologies as being easier to use, above and beyond any
indirect influence through self-efficacy. This is
supported by learning theory (Ford, Smith, Weissbein, Gully, & Salas, 1998) that shows the ability
to generalize skills across related domains. This
hypothesis has also been verified in research based
on TAM (Lu, Yao, & Yu, 2005; Yi, Fiedler, &
Park, 2006). Since the underlying software struc-
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tures (i.e., menus, concepts, functions) tend to be
similar across technology domains, an individual
who experiments actively with new technologies
has the opportunity to engage in greater learning
which can then be transferred to other domains.
This results in perceptions of greater ease of use.
The resulting hypothesis is:
H9: Personal innovativeness will exert a positive
influence on perceived ease of use of an information technology.
Finally, since we are investigating intentions
to use an information technology in the future,
we would expect more innovative individuals to
have stronger intentions (once again, above and
beyond any indirect influences through intervening variables). This hypothesis reflects, at least
to a degree, the influence of habit on behavior
(Triandis, 1980) and the relationship between innovativeness and system use (Larsen & Sorebo,
2005). All things being equal, we would expect
those who have habitually been ready adopters
of technology in the past to continue to do so in
the future, irrespective of specific attitudes and
beliefs as they continue a set behavior pattern that
has become habitual. Hence:

The experience level, or skill level, of an
individual can be considered to fall across a continuum. When we assess experience and skill at
specific points in time, we are essentially taking
a snapshot of a potentially changing phenomenon
(Marcolin, Compeau, Munro, & Huff, 1998).
When an individual has no personal experience
with a specific information technology, his or her
attitudes, beliefs, and expectations toward using
the technology may be influenced by factors such
as social influences from peers and superiors, and
personal experience with similar technologies. As
the individual gains experience with the technology, he or she has objective outcomes (positive
and/or negative) that are internalized, and which
in turn influence beliefs about expected outcomes
(Triandis, 1980), perceived usefulness (Bhattacherjee & Premkumar, 2004), and ease of use
(Hackbarth, Grover, & Yi, 2003).
Thus, we expect that some of the constructs
and the relations in the model will be influenced
by the increased experience (skill level) of the
respondent. As a result, we conducted supplemental analysis (described later) to examine the
influence of experience in more detail.

researCh methodology
H10: Personal innovativeness will exert a positive influence on intentions to use information
technology.

Experience
Considerable research has shown that computer
experience influences many of the constructs
and relations within a nomological network that
involves intentions, use, and/or performance (e.g.,
Compeau & Higgins, 1995b; Compeau et al.,
1999; Davis et al., 1989; Karahanna et al., 1999;
Lippert & Forman, 2005; Szajna, 1996; Taylor
& Todd, 1995b; Thompson, Higgins, & Howell,
1994; Venkatesh et al., 2003).

The data collection and analysis reported here is
a subset of a larger research program that encompassed data collected in several related studies.
For the overall research program, we wished to
measure a relatively large number of constructs. In
the interest of keeping the research questionnaire
to a reasonable length (to increase participation
rates and reduce the possibility of errors caused
by respondent fatigue or declining interest), the
number of items for most constructs was reduced
to three. Although most of the individual items
used here have been employed in previously published studies, some were developed or modified
specifically for this research program.
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The primary risks in using this approach
were (1) some of the measures could prove to
be unreliable, reducing the number of measures
per construct even further; and (2) the limited
number of measures might tap only a subset of a
given construct. To reduce these risks, the choice
of items was made partially on a face validity
basis (in an effort to identify the most relevant
measures), and partially from the results of a
pilot study. The pilot study allowed us to refine
the measures, resulting in the final set used in
the main study. Note that most of the items used
in this study were also included in the empirical
work conducted by Venkatesh et al. (2003) as
they tested for commonality across measures
from previous work. Since Venkatesh et al. (2003)
found that these measures were similar to others
purporting to measure the same constructs (i.e.,
they loaded together in a factor analytic sense), we
have more confidence that the measures selected
for this study are in fact reasonable measures of
the constructs (further details of the pilot study
and a table showing the similarities between the
measures used in this study and measures used
in related work is available upon request from
the authors).

sample and proCedures
Data were collected from junior and senior undergraduate students (business majors) completing
a required course in management information
systems (MIS). The respondents were required
to use the Microsoft Access database management system for a group project (two students per
group), representing 10% of their final grade. All
students received some training with the software,
and completed three individual assignments with
it prior to completing the group project.
Measures were taken at two time periods
approximately two months apart. At the time of
the first measurement (T1), the respondents had
received a demonstration of the software and had

completed one simple assignment using it. At the
time of the second measurement (T2), they had
received additional training and had completed
two additional (more complex) individual assignments as well as the group project (which required
fairly extensive use of the software).
All students in five different sections of the
course were asked to participate in the study. No
inducements were offered, and students were
given the option of not participating. All who
were invited agreed to participate. Questionnaires
were distributed in class to all students that were
in attendance during specific class periods. 219
students completed the pretraining questionnaire, and 209 completed the postquestionnaire;
those not completing both (i.e., those that were
absent on one of the days) were removed from the
sample. In total, 193 respondents completed both
pre and postmeasures. Questionnaires from four
respondents were removed due to missing data,
leaving a net sample size of 189. The questionnaire
responses were associated with an identification
number, making it possible to match responses
by respondent across the two time periods.
Of the 189 respondents, 117 were male and 72
were female. All respondents were traditional third
and fourth year undergraduate students, and all
had a reasonable level of familiarity with personal
computers. We asked the respondents to rate their
skill level with PC operating systems, word processing, spreadsheets, and e-mail using a 7-point
scale with anchors of Novice (1), Intermediate
(4), and Expert (7). We then summed across the
four technologies to obtain a general measure of
self-rated expertise. The scores ranged from 10
to 28 (out of a possible 28), with a mean of 19.3
and standard deviation of 3.3.
Although the generalizability of results will
be constrained somewhat since the use of Access
was mandatory for the students, many situations
involving the use of information technologies by
professionals are also mandatory. In addition,
since our intention measure is focused on future,
optional use by the respondent, the constraints on
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generalizability imposed by the mandatory nature
of the task are mitigated somewhat.

results
The measures were tested using PLS-Graph (Chin
& Frye, 2001) by running the full research model
with the data collected at Time 1 and again with
the data collected at Time 2. The first test of the
measures was to examine the item loadings to
assess individual item reliability. As in the pilot
study, there were weaknesses evident in the loadings for the computer self-efficacy measures for
the data collected at Time 1. These results were
somewhat surprising, since the Compeau and
Higgins measures of computer self-efficacy had
demonstrated adequate psychometric properties in previous use (e.g., Compeau & Higgins,
1995a, 1995b; Compeau et al., 1999). Gundlach
and Thatcher (2000) argue that the self-efficacy
construct is multidimensional, reflecting human
assisted vs. individual self-efficacy. This would
be consistent with our findings. Factor analysis
of the eight items also supported this view. A
principal components analysis resulted in two
factors, one of which included items 1, 2, 6, and
7 and the other which included 3, 4, 5, and 8.
Since the variation was greater on the first set and
there was less risk of a ceiling effect, we chose
to retain those items.
The loadings for one measure of perceived
behavioral control (PBC2) were low (below 0.5)
for both time periods. In retrospect, this finding
should not have been a surprise. PBC2 states that
“the amount I use Access is within my control.”
Since the respondents were required to use Access to complete their projects, there was very
little variation on this item. This issue was not
a problem in the pilot study, since those respondents had the opportunity to use other software
for completing the assigned task. We therefore
decided to remove this item, and re-run the models.
Table 1 shows the final list of items, including the

means and standard deviations (at Time 1), and
the item loadings obtained from the PLS run for
Times 1 and 2.
Note that for social factors, both the weights
and loadings (respectively) are displayed. Since
the social factors construct was modeled as formative (Barclay, Higgins, & Thompson, 1995),
the important indicators are the weights (not the
loadings), and the criteria considered is whether
or not the weights are statistically significant. In
both models, and for all three social factor items,
the weights were positive and significant at p <
0.05. For adequate item reliability for the reflective
constructs, ideally loadings should be higher than
0.7 (Barclay et al., 1995). All observed loadings
were close to or above the desired level (i.e., 0.67
or greater). We also examined the loadings and
cross-loadings for all items at both time periods
(see Table 2), and observed no violations (i.e., all
loadings were greater than 0.65, and all crossloadings were less than 0.60).
Table 3 shows the results of further tests for
the reliability and validity of the measures. The
average variance extracted (AVE) is shown for
each construct, as is the Fornell and Larcker
(1981) measure of composite reliability (CR). For
adequate scale reliability, AVE should be greater
than 0.5. CR may be interpreted similarly to
Cronbach’s alpha. That is, 0.70 may be considered
an acceptable value for exploratory research,
with 0.80 appropriate for more advanced studies. Table 3 also shows the correlations between
constructs, and the diagonal, shaded cells display
the square root of the average variance extracted.
For adequate discriminant validity, the values on
the diagonal (shaded cells) should be greater than
the off-diagonal elements. The corresponding test
results at Time 2 are not shown here (for space
reasons) but the pattern of results was similar to
those shown for Time 1.
At Time 1, all constructs have composite
reliabilities in excess of 0.80, with the exception
of social factors. Average variance extracted is
above 0.50 for all constructs except social factors
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loading t2

description

loading t1

item

s.d.

mean

Table 1. Item reliability: Time 1 and Time 2

Cse1

I could complete the job using the software…
…if there was no one around to tell me what to do as I go

.0

.

.

.

Cse2

…if I had only the software manuals available for reference

.

.

.

.

Cse6

…if I had a lot of time to complete the task for which the software was provided

.

.

.0

.

Cse7

…if I had just the built-in help facility for assistance

.

.

.

.

piit1

Among my colleagues and peers, I will be among the first to try new computer
tools and applications

.

.

.

.

piit2

I only use computer tools that fit a specific need; I seldom try new tools or
applications just for the fun of it (R)

.

.

.

.

piit3

I must see other people using new computer tools before I will consider using
them myself (R)

.0

.

.

.

eou1

Learning to use [software package] would be easy for me

.

.

.

.

eou2

Working with [software package] is so complicated, it is difficult to understand
what is going on (R)

.

.

.

.

eou3

I would find it difficult to get [s/w pkg] to do what I need (R)

.

.

.

.

pu1

Using [software package] would…
…allow me to increase my productivity

.

.

.0

.

pu2

…increase my quantity of output for the same amount of effort

.

.

.

.

pu3

…increase my effectiveness

.

.

.

.

pbC1

I have the resources to use [s/w package] whenever I wish

.

.

.

.

pbC3

I have the resources, the knowledge, and the ability to make effective use of
[software package]

.

.

.

.

aFF 1

I really dislike using [software package] (R)

.

.

.

.

aFF 2

Working with [software package] is a lot of fun

.

.

.

.

aFF 3

I really enjoy working with [software package]

.

.

.

.

aFF 1

I really dislike using [software package] (R)

.

.

.

.

aFF 2

Working with [software package] is a lot of fun

.

.

.

.

Continued on following page
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loading t2

I really enjoy working with [software package]

.

.

.

.

int1

I predict that I will use [s/w pkg] on a regular
basis in the future

.

.

.

.0

int2

Although I will likely use outputs from [software
package] quite extensively, I don’t see myself
directly using [software package] in the future
(R)

.

.

.

.

int3

I expect that I will use [software package],
or a similar type of software product, quite
extensively in the future

.

.

.

.

sF1

My colleagues and peers expect me to learn
how to use computers effectively

.

.

.
.

.0
.

sF2

My instructor (or boss) is supportive of my use
of computers

.

.0

.
.

.
.0

sF3

People whose opinions I value will perceive
me as being competent if I use computers
effectively

.

.

.
.

.
.

note:

For SF, SF and SF, the item weight is
displayed on top, and the loading below.

item

s.d.

aFF 3

mean

loading
t1

Table 1. continued

description

(where again, such measures are not considered to
be relevant given the formative nature of the construct). In all cases, the variance shared between
a construct and its measures is greater than the
variance shared among the constructs.
The PLS results for the structural model (path
coefficients and R2 values) for Time 1 are displayed
in Figure 3, and for both time periods are shown
in Table 4. The path coefficients (which can be
interpreted similarly to standardized path coefficients from a regression model) are provided,
along with an indication of whether or not a specific
path is statistically significant. The t-statistics for
testing statistical significance were obtained by

running a bootstrapping routine (Chin & Frye,
2001), with 500 samples, each containing 189
observations.
Table 4 shows the direct, indirect, and total
effects for each of the hypothesized paths, as
well as the amount of variance explained (R 2) for
all of the endogenous constructs. Cohen (1988)
defined strong, moderate, and weak effects for
regression as corresponding to effect sizes of
approximately 0.35, 0.15, and 0.02, respectively.
Although similar statements have not been made
specifically for PLS, since PLS uses regression in
its analysis, these rules of thumb are most likely
appropriate.

0
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Table 2. Loadings and cross-loadings of indicators on constructs at Time 1

Cse1
Cse2
Cse6
Cse7
piit1
piit2
piit3
eou1
eou2
eou3
pu1
pu2
pu3
pbC1
pbC3
aFF1
aFF2
aFF3
int1
int2
int3

Cse
0.87
0.86
0.70
0.71
0.
0.
0.
0.
0.
0.
0.
0.0
0.
0.
0.
0.
0.
0.
0.
0.
0.

piit eou pu pbC aFF
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0.0 0. 0. 0.0
0. 0. 0. 0. 0.
0.68 0.0 0. 0. 0.
0.87 0. 0. 0. 0.
0.74 0. 0.0 0. 0.0
0. 0.82 0. 0. 0.
0. 0.82 0. 0. 0.
0. 0.81 0. 0. 0.
0. 0. 0.80 0. 0.
0. 0. 0.86 0. 0.0
0. 0. 0.89 0. 0.
0. 0. 0. 0.78 0.
0. 0. 0. 0.87 0.
0. 0. 0. 0. 0.84
0. 0. 0. 0. 0.91
0. 0. 0. 0. 0.94
0. 0. 0.0 0. 0.
0. 0. 0. 0. 0.
0.0 0. 0. 0. 0.

int
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.0
0.
0.
0.
0.
0.
0.87
0.85
0.85

CSE – computer self-efficacy; PIIT – personal
innovativeness in the domain of IT; EOU – ease of use; PU
– perceived usefulness; PBC – perceived behavioral control;
AFF – affect; INT – future intentions

As can be seen in Table 4, most of the relationships taken from DTPB and TAM received at
least partial support, although there were exceptions. Affect was found to have a moderate and
significant influence on long term intentions at
both Time 1 and Time 2, suggesting that people
will expect to do things that they enjoy doing.
Perceived usefulness exerted a moderate and
significant influence on affect and a moderate
(Time 2) or strong (Time 1) influence on intentions. Thus, the influence of perceived usefulness
was only partly mediated by affect.
Perceived ease of use exerted a strong influence
on affect at both Times 1 and 2, but the relative
influence declined somewhat at Time 2. This result

is consistent with other studies that have found
that the direct influence of EOU tends to decrease
over time (e.g., Venkatesh et al., 2003). At Time
2, perceived ease of use exerted a moderate and
significant influence on perceived usefulness; this
effect was not significant (at the p < 0.05 level) at
Time 1. This result is consistent with most prior
research, suggesting that the influence of ease of
use on usefulness becomes stronger with direct
experience.
Perceived behavioral control showed no significant influence on intentions at Time 1, but a
significant influence at Time 2. Thus, for this group
of individuals, control beliefs have a stronger effect
following greater experience with the behavior.
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Table 3. Reliability and discriminant validity
(revised model at time 1)
piit
sF
Cse
eou
pu
pbC
aFF
int

Cr
.
.0
.
.
.
.
.
.

ave
.
.
.
.
.
.
.0
.

CR = Composite
Reliability
AVE = Average Variance
Extracted

piit
sF
Cse
eou
pu
pbC
aFF
int

piit
0.77
0.
0.
0.
0.
0.
0.
0.

sF

Cse

eou

pu

pbC

aFF

int

0.66
0.
-0.0
0.
0.
0.
0.

0.79
0.
0.
0.
0.
0.

0.82
0.
0.
0.
0.

0.85
0.
0.
0.

0.83
0.
0.

0.89
0.

0.85

PIIT – personal innovativeness in the domain of IT; SF – social factors; CSE
– computer self-efficacy; EOU – ease of use; PU – perceived usefulness; PBC
– perceived behavioral control; AFF – affect; INT – future intentions
Diagonal elements represent the square root of the average variance extracted.
Off diagonal elements represent correlations. For discriminant validity, the
diagonal elements should be higher than the off-diagonal elements, indicating
that the variance shared between a construct and its measures is higher than
the variance shared between construct pairs.

The magnitude of the path (β = 0.17), however,
still suggests a smaller effect than that of affect
or perceived usefulness. No direct effect of social
factors on intentions was found, although the total
effects in Time 1 were substantive.
With respect to the hypotheses directly tested
in this study, PBC was found to exert a moderate
influence on perceived ease of use at Time 1, and a
strong influence at Time 2 (H1). General computer
self-efficacy exerted moderate but significant
influences on both EOU and affect at both time

periods (H3, H4). The influence on perceived
usefulness was significant at Time 1 but not at
Time 2 (H2). Interestingly, the effect on perceived
ease of use was stronger at Time 2, resulting in
an increased indirect effect of self-efficacy on
perceived usefulness, partly compensating for
the reduced direct effect. Thus, it appears that
with direct experience, people can separate the
potential of the software from their ability to
realize that potential.
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Table 4. Tests of hypotheses (direct effects), indirect and total effects for Time 1 and Time 2
time 1

time 2

relationship

total
effects

direct
effects

indirect
effects

total
effects

direct
effects

indirect
effects

AFF - INT
PU - AFF
PU - INT
EOU - AFF
EOU - PU
PBC - INT
CSE - PBC
SF - INT
h1: PBC-EOU
h2: CSE-PU
h3: CSE-EOU
h4: CSE-AFF
h5: SF-CSE
h6: SF-PU
h7: SF-EOU
h8: PIIT-CSE
h9: PIIT-EOU
h10: PIIT-INT

0.
0.
0.
0.
0.
0.0
0.
0.
0.
0.
0.
0.
0.
0.
-0.
0.
0.
0.

0.**
0.**
0.**
0.0**
0.+
0.0
0.**
0.0
0.**
0.**
0.**
0.**
0.+
0.**
-0.*
0.**
0.**
0.*

0.00
0.00
0.0
0.0
0.00
0.0
0.00
0.0
0.00
0.0
0.00
0.
0.00
0.0
0.0
0.00
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.0
0.
0.
0.
0.
0.
0.
0.0
0.
0.
0.

0.**
0.**
0.**
0.**
0.**
0.**
0.**
-0.0
0.**
0.0
0.**
0.**
0.+
0.**
-0.0
0.**
0.
0.**

0.00
0.00
0.0
0.0
0.00
0.0
0.00
0.
0.00
0.0
0.00
0.0
0.00
0.0
0.0
0.00
0.
0.

amount of variance explained (r2)
Future intentions
Affect
Perceived Usefulness
Perceived Ease of Use
Perceived behavioral control
Computer self efficacy

time 1
%
%
%
%
%
%

time 2
0%
%
%
%
%
%

+ p < 0.10; * p < 0.05; ** p < 0.01

The influence of social factors was mixed. The
influence of social factors on self-efficacy (H5)
was positive but not significant at p < 0.05. Since
social persuasion is one of the weaker sources of
self-efficacy information and, more importantly,
since the persuasion that was examined here was
encouragement to use computers rather than
specific encouragement about one’s skills, this is
not overly surprising. Social factors did exert a

moderate influence on perceived usefulness (H6)
at Time 1 and strong influence at Time 2. This
is consistent with the notion of internalization
suggested by Klein and Sorra (1996). The influence of social factors on perceived ease of use
(H7) was surprising, with a significant negative
influence at Time 1 and no influence at Time 2.
This finding was unexpected and bears further
consideration.
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Figure 3. PLS results
Personal
Innovativeness
with IT

Computer
Self Efficacy

.47

2

r =.26

.*
.17

.23
.15

.34

Social
Factors

-.17

.46

Ease of
Use
.25

2

r =.34
.50

Perceived
Behavioral
Control

.21

2

.*
Affect

2

r =.49

r =.21
Perceived
Usefulness

.0 (ns)

2

.27

r =.15
.0 (ns)
.36

.22
.24
Future
Intention

2

r =.44

Note: bolded values are significant at p < .05; * at p < .0

Table 5. Comparison of construct means
time 1
general FaCtors
Personal Innovativeness
Computer Self-efficacy
Social Factors
speCiFiC FaCtors
Perceived Usefulness
Perceived Ease of Use
Affect
Perceived Behavioral Control
Future Intentions

mean (std. deviation)
time 2
p-value

. (.)
. (.)
.0 (.)

. (.)
. (.)
. (.)

. (.)
. (.)
. (.)
0. (.)
. (.)

. (.)
. (.)
. (.)
. (.)
. (.)

.
.
.0
.00
.
.00
.00
.
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Personal innovativeness with information
technology exerted a strong positive influence
on computer self-efficacy (H8) at both time periods, and a strong positive influence on perceived
ease of use (H9) at Time 1. At Time 2, there
was no influence of personal innovativeness on
perceived ease of use. This is consistent with
the arguments of Venkatesh and Davis (1996)
who suggest that through experience, ease of
use perceptions become more rooted in specific
features of the software and less influenced by
general personal traits. Personal innovativeness
also exhibited a direct influence on intentions at
both time periods (H10).

supplemental analysis Concerning
experience
Our analysis, discussed above, suggests that
experience moderates many of the relationships
between constructs in technology acceptance
models. As subjects gain in experience, their
intentions are more strongly influenced by affect and perceived behavioral control and less
influenced by perceived usefulness and personal
innovativeness. Computer self-efficacy exerts a
stronger influence on perceived ease of use and
affect, but a weaker influence on perceived usefulness. Thus, individuals become able to separate
the potential of the software from their ability to
use it. Personal innovativeness exerts a stronger
influence on self-efficacy following experience but
becomes a nonsignificant predictor of perceived
ease of use.
The findings that experience moderates
some relationships in the model are important
for researchers to understand as we attempt to
comprehend the forces involved in technology
adoption decisions. But it is equally important
to understand the direct effects of experience
on the constructs in the model. To examine this
aspect of the role of experience, we conducted
supplemental analyses, comparing the means
of each of our model constructs across the two

month time period. We expected greater change
in the software specific constructs (usefulness,
ease of use, affect, perceived behavioral control)
than in the more general constructs (social factors, personal innovativeness, self-efficacy). To
perform this test, we computed a summed scale
score for all constructs at Time 1 and Time 2, and
then employed a t-test to see if the difference was
statistically significant.
The results (shown in Table 5) partly support
our expectation. Of the general factors, neither
PIIT nor self-efficacy changed. However, the
mean perception of social influence did increase
from Time 1 to Time 2. For the specific factors,
perceived usefulness, affect, and perceived behavioral control all increased. However, perceived
ease of use did not change, nor did long term
intentions.

disCussion
In general, the results supported the hypothesized
relations. The model explained 44% of the variance
in intention at Time 1 and 40% at Time 2. While
improving on prediction was not our primary aim
in this chapter, examination of explained variance
is nonetheless a critical element of PLS analysis.
The R 2 values we obtained are less than some
other models have explained (e.g., Taylor & Todd,
1995 explained more than 60% of the variance
in intention). To provide an internally consistent
basis of comparison, we ran a model at each time
period based on TAM, using just PU, EOU, and
Future Intentions. These models explained 34%
and 30% of the variance in intention, compared
to 44% and 40% for our expanded model.
We also ran models based on DTPB, eliminating the interlinkages among the independent
constructs. These models explained 34% of the
variance in intention (same at both time periods).
In general, then, an integrated model acknowledging the linkages between behavioral, control,
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and normative beliefs, and including general factors such as personal innovativeness, seems to be
appropriate for describing technology adoption
decisions. The areas where results were not as
predicted, or where the paths changed from the
first to second time periods, bear particular attention. First, perceived behavioral control exerted a
positive influence on intentions at Time 2, but not
Time 1. In addition, we noted that the responses to
the perceived behavioral control items increased
significantly from Time 1 to Time 2. Keeping in
mind that one of the PBC items referred to having
the “… resources, the knowledge, and the ability
to make effective use of Access,” this suggests
that as the respondents gained experience with
the software, they gained more confidence in their
ability to control their decisions to use it.
This finding is not completely consistent with
Taylor and Todd (1995b), who noted a positive
influence of PBC on intentions for both inexperienced and experienced users. The influence was
much stronger for experienced users, with path
coefficients of 0.16 for inexperienced and 0.50 for
experienced (Taylor & Todd, 1995b). In addition,
Taylor and Todd (1995b) tested their model within
a different context (use of a computer resource
center), which could explain the discrepancy in
results. In our study, respondents were required
to use Access for a course project. Even though
our questions focused on long-term, rather than
short-term intentions, it is possible that the mandatory nature of the course project interfered
with their perceptions of control, and resulted in
intentions at Time 1 that were more based on the
course requirement than on their future plans. If
this were so, it is possible that there was both a
negative and positive influence at play, and these
cancelled each other.
Social factors did not exert an influence on
intentions at either time period. Keeping in mind
that the use of the software “in the future” would
be completely voluntary for the respondents, these
results are consistent with those of Venkatesh and
Davis (2000), who observed an influence of social

norms in mandatory, but not voluntary, settings.
We observed another interesting finding with
respect to the hypothesized influence of social
factors on perceived EOU. Recall that the scores
on the EOU scale did not change significantly
from Time 1 to Time 2, while the increase in the
scores on the social factors scale was statistically
significant. In addition, we hypothesized three
other factors as influencing EOU: self-efficacy,
personal innovativeness, and perceived behavioral
control. At Time 1, self-efficacy, personal innovativeness, and perceived behavioral control all had
positive influences on EOU, while the path from
social factors to EOU was negative. At Time 2,
only the influences of self-efficacy and perceived
behavioral control were statistically significant.
There were at least two additional observations worth noting. First, computer self-efficacy
provided a strong, positive influence on PBC,
EOU, Affect, and PU (at Time 2). These results
show a much stronger role for self-efficacy than
what Taylor and Todd (1995a) and Venkatesh et
al. (2003) hypothesized in their models. In addition, CSE exerted a strong (indirect) influence on
intentions to use technology. Second, personal
innovativeness was also shown to exert an influence on intentions, both directly and indirectly
through CSE and EOU (at Time 1).

impliCations For researCh
and praCtiCe
One limitation of the study was the use of student
subjects, which limits the generalizability to some
extent (Compeau, Marcolin, & Kelley, 2001). This
provides an opportunity for future research, in that
it would be very useful to replicate the study in an
applied field setting with knowledge workers who
are being asked to adopt and use a new information technology. A second limitation was the use
of a limited number of items (generally three) to
measure many of the constructs in the model.
Future research should include the development
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and testing of more appropriate scales for each
of the constructs.
The results of our analysis have several implications for research on technology adoption,
as well as for organizational practice. The most
important implication for research is to reinforce
the arguments of authors such as Agarwal and
Karahanna (2000) and Plouffe et al. (2001) who
call for richer models of technology adoption.
Moreover, the results suggest that integration,
as well as richness, is of value to improving our
understanding of an individual’s technology
adoption choice. Our integrative model shows
multiple mechanisms through which personal
innovativeness, self-efficacy, and social factors
influence technology adoption choices, and
adds to our understanding of how judgments of
perceived usefulness and perceived ease of use
are formed.
The results also show the influence of general
factors on specific software beliefs, suggesting
a degree of generality in perceptions relating to
computers. Bandura (1997) and others (e.g., Agarwal et al., 2000) argue persuasively for the need
to match self-efficacy judgments to the specific
task. This makes sense from the standpoint of
maximizing prediction, yet our results show that
these general influences can also influence beliefs
about specific software packages. Further study
of the generalizability of self-efficacy perceptions
(following the work of Agarwal et al., 2000) would
be valuable in building this understanding.
In addition, the strong influence of personal
innovativeness on self-efficacy and ease of use
perceptions (as well as on future intentions) suggests that measuring personal innovativeness and
self-efficacy perceptions could help in developing
more effective training programs prior to the
introduction of new information technologies.
For example, knowing that a group of workers
scored highly on personal innovativeness would
suggest that less time and effort would be needed
to ensure they had positive beliefs about the ease
of use of a new information system. Further, the

relatively small influence of PBC at Time 1, followed by the medium influence at Time 2, suggests
that the influence of PBC increases as users gain
experience. This suggests that managers should
ensure that potential users perceive they have
adequate access to resources (including training)
after they have had some initial experience with
the technology, and not just when it is introduced
to them.
Finally, the results confirm the importance
of incorporating experience into models of technology acceptance. Several authors have shown
changes in technology adoption models, and we
confirm their findings. We further show that it is
specific, more than general, measures that tend to
change with experience. The conceptualization of
experience is challenging however. As we noted
earlier, experience partly reflects exposure to the
tool and partly reflects the skills and abilities that
one gains through using a technology. Experience
also probably reflects habit to some extent. Our
research findings, including previous authors and
those in this study, do not clearly differentiate
between these types of effects. Nonetheless, it
seems reasonable that there might be different
sorts of influences depending on the extent to
which experience reflects habit, skill, or simply
exposure. Thus, we believe it is important for
future research to more fully examine the conceptualization of experience and its influence in
technology adoption models.

ConClusion
In summary, our results provide support for an
extended model based on the decomposed theory
of planned behavior. They confirm existing findings within the technology adoption stream, but
also show the possibility of a more holistic and
integrative approach to our models. Such an approach allows for the inclusion of less instrumental
beliefs (e.g., personal innovativeness with IT) as
influences on technology adoption, demonstrates
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the complexity of the mechanisms through which
general beliefs such as personal innovativeness
and self-efficacy influence adoption intention, and
aids in building our understanding of the antecedents of perceived usefulness and perceived ease
of use, the critical constructs in the Technology
Acceptance Model. We further echo the calls of
other researchers (e.g., Sun & Zhang, 2006) to
extend our conceptualization and understanding
of the role of experience in the formation of judgments about information technologies.
While it has been argued that technology acceptance is a mature model (Venkatesh,
2006; Venkatesh et al, 2003), we believe there
is substantial work to be done in further understanding the process of adoption. We agree with
Jasperson, Carter, and Zmud (2005) that richer
models are required which take into account the
varying features of different technologies, the
extent to which these features are used, and the
individual differences of the users themselves.
Initial research in this area has found that feature
specific self-efficacy predicts usage above and
beyond a more generalized operationalization of
self-efficacy (Hasan, 2006; Hsu & Chiu, 2003).
In addition to better prediction, richer models of
adoption can better inform the design and support
of information technologies in organizations.
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